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-I nary and the extraordinary modes, respectively, for Te = 100 keV. For the ordinary mode, the ray is directed from the low field side, and for the extraordinary mode, the ray is injected from the high field side of the torus. The parameters are chosen such that no mode conversion can occur. Because of the high temperature, single pass absorption of 100 percent is achieved for both cases. Specifically, the ordinary mode is absorbed near the center of the torus and the extraordinary mode is absorbed about half way before it reaches the center of the torus. The absorption regions are spread over several wavelengths so that ray tracing is still valid. We see that the warm plasma trajectories are almost identical to the cold ray paths. The difference is even smaller for Te = 300 eV and Te= 10 keV. The errors in ray trajectories are monitored by substituting the local values of k and r into the local dispersion relation which is then solved numerically for the complex w. Cr, the real part of co, is compared with the heating frequency co which, of course, does not change throughout the ray path. For the cold ray tracing, the accuracy is good to roundoff. For the warm ray tracing, the error is typically a few percent (see Table I ). The error is computed using the formula:
error t COo -('r I/(-o) X 100 percent. CONCLUSIONS In conclusion, we find that for temperature of interest to tokamak research, ray tracing with cold plasma dielectric tensor is quite sufficient as long as the validity of ray tracing are met [1] . But for temperatures in the hundreds of kiloelectronvolts range, such as those encountered in bumpy torus and tandem mirror, the general approach by Friedland and Bernstein [1] must be used. The absorption of the wave energy, of course, must be calculated with the warm plasma dielectric tensor.
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II. EXPERIMENTAL SETUP
The experimental setup for our experiment is shown in Fig.  1 
III. EXPERIMENTAL RESULTS
In a discharge containing 02, several different attachment processes and subsequent ion-molecule reactions are possible.
For these, the important ions are O,°2, and O3, and the processes with large reaction rates are shown in Table I . The dominant attachment process in the range (E/p < 2 V -cm-1 -torr-1) is the three-body attachment (reaction 2), while for higher values (E/p > 2 V * cm-' * torr-1 ), the dissociative attachment (reaction 1) dominated [5] . Among the ion-molecule reactions, reaction (3), which produces°2, is important at higher values of E/p, while reaction (4), which produces 0O, dominates at lower E/p values [6] . The important photoinduced processes for these ions are also given in Table I . Of these, the Nd:YAG fundamental ouput with a photon energy of 1.17 eV can induce only reaction (6) .
In our experiment, the ions can either be produced in the discharge itself, where the value of E/p varies in the range of 5 < E/p < 27 V cm-' -torr-1 (as determined by the discharge conditions), or in the nearly field-free drift region between grid 2 and 3. To learn which ions are the dominant species under various discharge conditions, we performed optogalvanic experiments using either visible light (hv i 2.2 eV) from the dye laser, or the Nd: YAG fundamental at 1 .17 eV.
Some experimental results are shown in Table II To distinguish between optogalvanic signals caused by 0O and 0-we note that for Xv > 2 eV photodissocitation (reactions (8) and (9) ) has been found to be the dominant photo process in 0- [8] . Of these, only reaction (8) is possible with the photon energies produced by our dye laser source (hv -2.2 eV).
The cross section for reaction (8) has a spectral structure [91 which we did not observe in our experiments when the laser was tuned through the range 2.18-2.28 eV. We therefore conclude that the dominant optical electron generation mechanism in our experiment is direct photodetachment of O.
To investigate whether the existing negative ions can be completely detached we performed saturation experiments in which the dependence of the optogalvanic signal strength on laser energy flux was determined. These results are shown in Fig. 2 . The solid line shows the calculated result, assuming a photodetachment cross section of a = 6.5 X 10-18 cm2, and the circles indicate the result of our measurement. Since the optogalvanic signal is only measured in arbitrary units, the scale of the experimental curve was adjusted so that the slopes of the two curves agreed in the linear region (<10 mJ/cm2 ). These results indicate that only 35 mJ/cm2 of light energy flux is needed to photodetach 50 percent of the OT ions.
IV. CONCLUSION
Our experiments demonstrate that photodetachment may be an attractive control mechanism for optically controlled diffuse discharge switches in systems where the negative ion density is much larger than the electron density. Assuming a time constant for attachment ta ; 10-8 s, for a gas mixture in a discharge producing OT, a power of 3.5 MW/cm2 is necessary to reduce the steady-state negative ion density by a factor of 0.5. Work is continuing to determine the optogalvanic response of the discharge to photodetachment.
